E, in the central Eastern Desert of Egypt, 3 km south of the midpoint of Qena-Safaga highway. The area is covered by younger granites intruded into amphibolites, and syn-tectonic granites. It represents one of the most promising uranium occurrences in the Eastern Desert. The main granitic types forming this pluton as defined from their mineral composition and textures comprise pegmatitic perthite granite, perthite granite and fluorite perthite granite.
INTRODUCTION
The basement rocks in the Eastern Desert have been distinguished into three tectonolithologic domains: north, central and south Eastern Desert domains (Stern and Hedge, 1985; El Gaby et al., 1988) . El Gidami -El Garra area lies in the northern part of the lateral strike-slip faults, similar to the Najd Fault System in the Arabian Shield are well developed in this domain (Shackleton et al., 1980; Stern and Hedge, 1985 and El Gaby et al., 1988) .
The Egyptian granitic rocks are classified into two main groups; an older syn-tectonic calc-alkaline granite referred to as grey granites, and a younger or late-to post-tectonic granite series referred to as pink granites (El Ramly and Akaad, 1960; El-Shazly, 1964; El-Ramly, 1972; Sabet et al., 1972; El-Gaby, 1975 and Noweir, 1980) . Late-to post-tectonic granites are distributed in El Gidami -El Garra area. The emplacement of these granites is structurally controlled by N-W trending faults, nearly parallel to the Red Sea (Abou Deif, 1985) . These younger granites represent the last major magmatic event in the evolution of the crystalline basement of Egypt and belong to the Pan African plutonism. They are emplaced within a narrow time span at about 600-510 Ma age (Hashad, 1980; Hassan and Hashad, 1990) .
GEOLOGIC SETTING
El Gidami-El Garra area lies between lat. 26 o 24'-26 o 27' N and long. 33 o 20'-33 o 29' E, in the central Eastern Desert of Egypt, 3 km south of the midpoint of Qena-Safaga highway (Fig.1) . The studied area was included in several previous studies such as: (Ammar, 1973; El-Gaby, 1975; Sabet et al., 1976; Nagy, 1977; Bakhit, 1978; Fullagar, 1980; Hashad, 1980; G r eenberg, 1981; H a bib, 1982; A ttawiya, 1984; Abou Deif, 1985; Bakhit et al., 1985; Hussein et al., 1986; Hussein, 1987; Mohammed, 1988; Ahmed, 1991; Hussein et al., 1992; Abou Deif, 1992; El Mansi, 1993; Abu El Naga, 1994 and Oraby, 1999) .
El Gidami-El Garra area is mainly covered by younger granites intruded into amphibolites, and syn-tectonic granites. 
GEOLOGY, SPECTROMETRY AND EVALUATION OF THE RADIATION
Amphibolites comprise a narrow belt occupying the eastern parts of the studied area (Fig. 1) . These rocks are medium to coarsegrained with dark green to green colors and has less well-developed foliation.
Syn-tectonic granites are represented by granodiorites which occupy the western and southern parts of the mapped area (Fig. 1) . They are intruded by the younger granites and have gradational to sharp contact with the other rocks. They show exfoliation weathering and abundant xenoliths showing different degrees of assimilation. These granites are believed to have originated in the deep crustal levels and moved upwards to intrude the older rocks (Habib, 1982) .
Younger granites are intruded into the amphibolites and syn-tectonic granitoids representing one of the most promising uranium occurrences in the Eastern Desert (Bakhit, 1978; Abou Deif, 1985; Abdallah, 1997 and Oraby, 1999) . They are affected by alterations such as epidotization, kaolinization and hematitization. The main granitic rock types forming this pluton as defined from their mineral composition and textures are: -Pegmatitic perthite granite occupies the northern part of the mapped area (Fig 1) . It has low relief, pegmatitic texture and pink to pinkish white color. Inferred contacts with the fluorite perthite granite and perthite granite are found.
Perthite granite forms high relief making the distinct topographic feature of Gabal El Gidami and occupies the central and eastern parts of the mapped area (Fig. 1) . It is massive, coarse to medium grained and pink to white in color and characterized by porphyritic margins. The rock is highly fractured and the joints are closely spaced.
Fluorite perthite granite o c cupies the central part of the studied area (Fig. 1) . It has high relief, pink to white color and medium to coarse grain size. Fluorite perthite granite is highly sheared and shows mafic xenoliths.
PETROGRAPHY
Syntectonic granite (granodiorite) is coarse to medium grained, composed mainly of alkali feldspar, plagioclase, quartz, biotite and hornblende. Titanite, zircon and opaques are common as accessory minerals, while suassurite, chlorite and epidote are secondary minerals, (Fig. 2) . Plagioclase occurs as albite which has subhedral to anhedral crystals with varied degrees of alteration to saussurite. Complete saussuritization of plagioclase takes place, in some cases particularly when secondary quartz is observed, indicating later hydrothermal effect. Alkali feldspar occurs as orthoclase or microcline. Both are colorless and have low relief in plane light and may appear dusty due to alteration. Hornblende occurs as anhedral to subhedral and is partially altered to chlorite. Biotite occurs as flaky crystals with brown colors and is commonly altered to pale green chlorite. Quartz occurs in a variable abundance of grain size, where some of quartz is secondary in origin as alteration product filling the interstitial places between the plagioclase and the hornblende. Titanite, zircon and opaques occur in remarkably large crystals but in accessory amounts.
There is similarity of the petrographic characters among the three rock types of the younger granites at El Gidami-El Garra area. These rock types are perthitic in composi-
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YA S SIN A. ABDEL-RAZEK and MAHNMOUD A. M. MAHMOUD tion and the grains are medium to very coarse grained, even pegmatitic. Quartz, potash feldspar and plagioclase, with a small amount of biotite and opaque minerals are the main mineral assemblage in these rock types, while fluorite, zircon, allanite, titanite, apatite and monazite are accessory minerals. Chlorite, epidote, sericite and muscovite are secondary minerals.
Quartz shows undulose extinction due to strain effect. Sometimes skeletal quartz is also observed (Fig. 3) . Also, various shapes of myrmekites are observed along the grain boundary of plagioclases feldspar crystals (Fig. 4) . Potash feldspars occur as microcline and orthoclase perthites of coarse string and patchy types (Fig. 5) . Potash feldspar encloses primary plagioclase crystals and rounded quartz grains forming graphic like intergrowths (Fig.  4) . Weak kaolinization is observed in some crystals. Plagioclase is represented by albite and occurs as euhedral crystals with variable sizes. Some plagioclase crystals are slightly to highly altered to saussurite and rarely epidotized in the core while the peripheries are still fresh indicating zonation. Some crystals of plagioclase showing bent twin lamella due to deformation (Fig. 7) . Biotite occurs as corroded flakes of varying sizes with reddish brown, dark brown and green colors. It is often altered to chlorite and secondary muscovite or totally decomposed to iron oxides (Fig.8) , and encloses zircon prisms with pleochroic halos (Fig.6) . Zircon is found having brown and pale yellow shades. Fluorite has colorless to violet colors and occurs as secondary mineral associated with opaque patches enclosing radioactive minerals (Fig. 9) . Allanite is present as large crystals, enclosed by biotite and quartz. Titanite is fairly pleochroic from pale brown to reddish brown (Fig. 10) . Opaque minerals are always associated with biotite as irregular blebs or as subhedral crystals (Fig.10) . 
MINERALOGY
Uranium mineralization was discovered by Bakhit (1978) in El-Gidami -El-Garra area,. The occurrence of uranium minerals is structurally controlled and along faults and fractures that are mainly filled with siliceous materials within a typical shear zone in the studied younger granites. The fracture and fault zones are controlled by NE-SW to E-W trends (Bakhit 1978 and Abu Deif 1985) . The uranium mineralization is hosted in cryptocrystalline to amorphous jasperoid and black silica which were formed in more than one generation due to repeated rejuvenation of the structures (Abu Deif 1985) . Some mineralogical studies have been carried out on the studied granites, where the uranophane and zircon are the most important minerals.
Uranophane
Uranophane appears as a hair-like radiated shape (Fig.11 ) and it has earthy to waxy dull colors. It is occurs in the studied younger granites especially pegmatite perthite granite.
Zircon
Zircon appears as subhedral to euhedral crystals and varies in color from colorless, brown, grey, and yellow to red with variable sizes. The ESEM examination of zircon ( 
Xenotime
Xenotime occurs as a prismatic bipyramidally ended euhedral crystals in all types of the studied younger granites and confirmed by SEM (Fig. 13 ).
GAMMA-SPECTROMETRY
Fifteen samples, each of 5kg weight, were collected from different locations representing the granitic types; syn-tectonic granite, pegmatite perthite granite, perthite granite and fluorite perthite granite, (Fig. 1 ).
The samples were washed in distillated water and dried in an oven at about 110 0 C, they were crushed, homogenized, and sieved through a 200 mesh, which is the optimum size enriched in heavy minerals. Representative samples were transferred to polyethylene bottles of 350 cm 3 volume. Each sample was sealed for 4 weeks to reach secular equilibrium where the rate of decay of the daughters becomes equal to that of the parent.
The samples were measured using a highresolution HPGe gamma-ray spectrometer system consisting of a p-type intrinsic germanium coaxial detector (model: GX3018) mounted vertically and coupled to 8K multichannel analyser (Canberra). The detector was housed inside a lead shield to reduce the background of the system. The gamma-ray spectrometry analysis of the samples was carried out using an HPGe coaxial detector with a relative efficiency of 35% and a resolution of 1.78 keV for the gamma emission of the 1333 keV of 60 Co. The gamma-ray spectra were analysed by means of the software associated with the detector. Since there was a low activity concentration in the samples, the counting time was long (18-24 h) so that the minimum detectable concentrations were sufficiently low as to be capable of measuring the low concentrations in the samples. Darnley, (1982) , defined the "uraniferous granites" as those containing at least twice the Clarke value (4ppm U), hence, they would contain 8ppm or more, regardless of the presence of associated U-mineralization or not. Accordingly, the data in Table ( 1), suggest that the studied granites can be considered uraniferous granites, comprising the perthite granite (av. 15ppm U and 24ppm Th) representing the least differentiated granitic phase, followed by the fluorite perthite granitic phase (av. 20.4ppm U and 26.2ppm Th), the syn-tectonic granitic phase (av. 23ppm U and 36.33ppm Th), and the pegmatite perthite granitic phase (av. 34.5ppm U and 2.75ppm Th), representing the most differentiated granitic phase. The last granitic phase does not show the expected increase in the Th content, but show some Th-depletion.
DISTRIBUTION OF U AND Th AT EL GIDAMI-EL GARRA PLUTON
The relationships between U, Th and Th/U are shown in (Figs.14, 15 and 16). The variation in the U and Th contents is shown in (Fig. 14) , where the perthite, fluorite perthite and the syn-tectonic granitic phases exibit linear increasing relationship where as the Th-depletion in the pegmatite perthite granite is documented. Figure (15) shows the variation between Th/U ratios and U contents, exhibiting a decreasing linear relationship as expected. Figure (16) shows the variation between Th/U ratios and Th contents, exhibiting the narrow variation in Th contents between 22.75ppm and 26.33ppm, indicating that Th was not mobilized during igneous processes, while U mobilization is shown (Fig. 15) . This might suggest that U-mobilization was affected by low temperature hydrothermal systems driven by heat produced locally in these anomalously radioactive plutons, (Fehn et al., 1978) .
As mentioned above, many studies reported the contents of eU, eTh and K for Al Missikat-El Gidami-El Garra area. Table ( 2) summarizes the results of these studies
EVALUATION OF RADIATION EXPOSURES
In order to evaluate the radiation exposures arising in different situations from the studied granites, the contents of eU (ppm), eTh (ppm) and K (%) should be converted into (Bq/kg). The activity concentration of a sample containing 1 ppm by weight of The population weighted values of the absorbed dose rate in air outdoors from terrestrial gamma radiation estimated by the spectroscopic analysis of soil samples give an average of 60 (nGy/h), (UNSCEAR, 2000) . This reveals that the averages of the absorbed dose rate in the air at 1m above the surface of the studied granitic rocks are much higher than the worldwide average. Fortunately, neither public activities nor residential centers are recognized around the studied granitic rocks at El Gedami-El Garra area.
Occupational Exposures During Exploration And Transportation Activities
The International Commission on Radiological Protection (ICRP, 1990) From Table ( 3), it is clear that the values of A T of the studied granitic rocks at all locations and the average values of A T for each granitic rock type are below the declared value for a radioactive material to be regulated. As a result, all the occupational activities during surface exploration or transportation of the studied granitic rock types are excluded from the regulations and no need for any recommendations about the resulting effective doses.
Public Exposures Due to Granitic Rocks as Decorative Materials
The studied granitic rock types are considered uranium-bearing natural materials, but it is always possible to find uranium-rich rocks in these different types used by public as building materials. Construction materials are sources of airborne radioactivity and external radiation from the decay series of uranium in buildings.
External Exposures
Assuming that the absorbed dose rate D at 1m from the surface of the studied rocks estimated by equation (1) is due to the γ-rays emitted from the outer 10cm layer of the rock, the absorbed dose rate D t (nGy/h) at 1m from the surface of a granitic slab of thickness; 2cm, 3cm or 4cm is calculated as follows:
Table (4) r e presents the absorbed dose rated D (nGy/h) at 1m from the surface of a granitic slab of thickness 2cm, 3cm and 4cm. From this Table, the average values of D (nGy/h) for the 4cm slabs from all the studied granitic rocks exceed the worldwide average of 60 (nG/h). The annual indoor effective dose for the public members using slabs of the studied granitic rock types as decorative materials is calculated as follows; 
where t=2cm, 3cm and 4cm.
Table (4) represents the annual effective dose E ex (mSv/y) due the external exposure to the gamma rays emitted from a slab of different studied granitic rock types. The worldwide average of the external indoor effective dose is reported to have a value of 0.41 (mSv/y), (UNSCEAR, 2000) . From the table, it is clear that the average values of E ex (mSv/y) for the 4cm slabs from all types of granite exceed the worldwide average. Also, the data of E ex show that the 3cm slab of the syn-tectonic, perthite and fluorite perthite granites do agree with that of world average within one standard deviation. The E ex value for the pegmatite perthite granite is much higher.
Radon Flux From The Decorative Materials
Radon flux ( 222 Rn) from the decorative materials is of interest since the short-lived decay products of radon are the greatest contributors to the lung dose of inhaled radionuclides (ICRP, 1993) . Even though radon inlet into houses is a complex process involving decorative materials, soil, gas, water, and weatherrelated factors, 226 Ra in construction materials may be in some cases the predominant source. Much of the radon is released from the radium trapped in the mineral grains in building materials.
In building materials with high radium levels, the radon exhalation may become of ma-jor importance (Rizzo et al., 2001) . Over the years, radon exhalation from building materials has been the subject of many studies (AlJarallah, 2001 ., Al-Jarallah et al., 2001., Chen et al., 2010 ., Ngachin et al., 2008 ., O'Brien et al., 1998 , and Saad et al., 2010 . Radon flux from a slab of thickness t (m) into the surrounding air is calculated using the equation, (UNSCEAR, 2000): Abdel-Razek (1997) studied the granitic rocks at Al Missikat -El Aradiya area. He used the rock parameters; ρ =2600 (kg/m 3 ) and L=6.8 (cm), to obtain the average values of 0.023 for the emanation coefficient (f) for older granites, 0.046 for younger granites. Table (4) represents the radon flux for the slaps from the granitic rock types at different locations at El Gidami-El Garra area.
Indoor Radon Concentration In a Reference House And The Resulting Effective Dose
The United Nations Scientific Committee on The Atomic Radiation (UNSCEAR, 2000) proposed a reference house which encloses an air volume of 250 m 3 and a summation of walls and floors area of 450 m 2 . Indoor radon concentration in spaces other than tunnels is estimated using the formula: The reported indoor radon concentration in Egypt has an average value 9 (Bq/m 3 ) with a maximum value of 24 (Bq/m 3 ), (Kenawy and Morsy, 1991, UNSCEAR, 2000) . Table (5) shows the expected indoor radon concentration (C Rn ) as a result of the decorative slabs from different granitic rock types of El Gidami-El Garra area. From this Table, For the concentrations of radon, the equilibrium factor of 0.6 indoors with an occupancy factor of 0.8, the annual effective doses (mSv/y) are derived from the following equations, (UNSCEAR, 2000) ;
Table (5) shows the annual effective doses due to the inhalation of radon in the homes using wall slabs from the granitic rock types at El Gidami-El Garra area. From this Table, except of the 4cm slap of pegmatite perthite granite, all the values of the average annual effective doses received by the public members due to the inhalation of radon gas when they use the different granitic rocks from at El Gidami-El Garra area as wall slabs show E Rn that are below the estimated worldwide average value of 1 (mSv/y). However, the annual effective doses due to radon gas emanating from a slap of thickness 4cm from the pegmatite perthite granite is still below the action limit of 3 (mSv/y), (ICRP, 1993 ), the relevant annual internal effective dose E Rn (mSv/y) and the total annual effective E T (mSv/y) due to a slap of granitic rock types at El Gidami-El Garra area 33 GEOLOGY, SPECTROMETRY AND EVALUATION OF THE RADIATION The total annual effective dose E T is the sum of the annual external effective dose E ex and the annual internal dose due the inhalation of radon E Rn :
From the information reported above, the worldwide average value of the total annual effective dose due to gamma rays and radon gas is 1.41 (mSv/y). From Table ( 5), within one standard deviation, only the average value of E T (mSv/y) for the 4cm slabs due to pegmatite perthite granite exceeds the worldwide average. Generally, the higher values of E T are associated with the 4cm slab from pegmatite perthite granite, fortunately, these values are below the mentioned action level. Accordingly, the studied granitic rock types may be used safely as decorative materials.
CONCLUSION
There is a similarity in petrographic characters of three types of younger granites at El Gidami-El Garra area. They are all perthitic in composition, and medium to very coarse grained, even pegmatitic. There are some important radioactive minerals in the studied granites such as uranophane, xenotime and metamict zircon which are responsible for radioactivity in the studied area. The values of the local absorbed doses are much higher than the worldwide average. Fortunately, neither public activities nor residential centers are recognized around the studied granites at El Gidami-El Garra area. Surface exploration or transportation activities of the studied granitic rocks are excluded from the regulations and no need for any recommendations about the resulting effective doses. Generally, the slabs of thicknesses of 4cm from the different locations and granitic rock types cause an annual effective dose up to 2.41 (mSv/y). This value is below the action level and the studied granitic rock types may be used safely as decorative materials.
